Abstract: Voiding cystourethrography is the most important fluoroscopic examination in pediatric urology for the investigation of lower urogenital tract diseases, such as vesicoureteral reflux or urethral stricture. However, this invasive procedure imposes a significant burden on children and their parents, and recently there has been a paradigm shift in the diagnosis and treatment of vesicoureteral reflux. In the 2011 revision, the American Academy of Pediatrics guidelines on urinary tract infection recommended abandoning routine voiding cystourethrography after the first febrile urinary tract infection. In 2014, the randomized intervention for children with vesicoureteral reflux study recommended discontinuation of routine continuous antibiotic prophylaxis for vesicoureteral reflux. The time is now ripe to radically reconsider indications for voiding cystourethrography and the procedure itself.
Introduction
VCUG is an important fluoroscopic tool in pediatric urology for the investigation of the lower urogenital tract. VCUG provides information on VUR grading, 1 as well as anatomical abnormalities, such as diverticulum, trabeculation, ureterocele, posterior urethral valve, anterior urethral valve and urethral stenosis. Just a few decades ago, identifying VUR to immediately initiate treatment to prevent UTI and minimize the risk of renal damage was problematic. 2, 3 Now that the natural history of VUR has become clearer, several treatment modalities have been introduced, but recently, the potential risks of overdiagnosis and overtreatment of lowrisk VUR as well as follow-up VCUG and long-term CAP 4 have been emphasized, and watchful waiting has been proposed as an option. Classically, CAP is offered as first-line treatment on the understanding that VUR might resolve spontaneously, but how long CAP must be continued before reflux resolution in the individual patient cannot be determined.
CAP and VCUG
Although UTI recurrences are usually within 6 months of the first febrile UTI, watchful waiting with or without CAP is strongly recommended during this period. 10 Furthermore, CAP is recommended for children with VUR associated with bladder and bowel dysfunction because of the increased risk of UTI. 11 If patients with VUR start CAP, parents are usually worried about their VUR status. Therefore follow-up VCUG would be planned every 6-12 months. If CAP is discontinued, the results of follow-up VCUG will not alter VUR management according to the AUA guidelines. 11 Discontinuation of CAP has been reported as a safe option for managing persistent VUR in children after toilet training. 12 Patients with high-grade VUR rarely develop new scars after the first 5-year follow up. To prevent new renal scars, watchful waiting of high-grade VUR patients is recommended up to 5 years-of-age. 13 Discontinuation of CAP before toilet training is completed, and watchful waiting without CAP is a safe alternative for patients with persistent non-dilated VUR.
14 Because patients with persistent dilated VUR are prone to febrile UTI, antibiotic discontinuation must be carefully considered. 12, 14 Early discontinuation of CAP and watchful waiting without CAP might be helpful for patients and their parents, because yearly VCUGs are not always necessary.
Indications for VCUG
VCUG is indicated for evaluation of UTI, primary VUR, PNH, and lower urinary tract dysfunction including posterior urethral valve 15, 16 and neurogenic bladder. In the past, we have recommended full evaluation of VUR to prevent UTIinduced CKD, hypertension and ESRD. However, ESRD caused by reflux nephropathy is extremely rare, <0.0005%, 17 and a systematic review concluded that children without structural kidney abnormalities after the first febrile UTI are not at significant risk of developing UTI-related CKD. 18 Potentially, CKD could be related to high-grade VUR. Most ESRD patients with VUR have congenital reflux nephropathy, which is different from acquired renal parenchymal damage caused by febrile UTI, and is observed in patients with high-grade VUR. 19 Thus, it is essential to detect high-grade VUR as early as possible to prevent subsequent renal damage, and hence ordering a VCUG should be based on weighing up the potential risks and benefits. 8 VUR is a familial disorder with several inheritance patterns, including autosomal dominant with incomplete penetrance, autosomal recessive, X-linked and polygenic. The prevalence of VUR was reported to be 27-51% for siblings and 66% for parent-to-child transmission. 20 If there are any USG abnormalities in asymptomatic siblings, VCUG is recommended. If siblings become symptomatic, such as having febrile UTI, VUR examination should be planned soon after treatment of the febrile UTI. 21 Because most siblings are still asymptomatic according to the 2010 AUA VUR guidelines, an observational approach is recommended nowadays. 22 Approximately 15% (95% CI 10.9-20.7) of children with mild-to-moderate PNH are found to have VUR. 11 These cases diagnosed after PNH have a high incidence of spontaneous resolution. 23 VCUG is reserved for children with SFU grade 3-4 PNH, hydroureter or bladder abnormalities on USG. 11,24 SFU guidelines recommend CAP for all patients with moderate-to-severe hydronephrosis until VUR screening. VCUG should be carried out in all patients with bilateral grade 2-4 and unilateral grade 3-4 hydronephrosis. 24 According to the SFU, 3-year follow up of children with PNH showed that 60% underwent VCUG and 13% had VUR, of whom 4% underwent UCN. 25 VCUG should be reserved for patients who have UTI, dilated ureters and voiding symptoms with ureteral abnormalities. 26 VCUG is invasive for patients and distressing for parents VCUG is painful and unpleasant, with urethral catheterization and voluntary voiding in public. After catheterization and filling the bladder with contrast medium, the patient must void in front of the X-ray camera, which causes anxiety for patients and families. 9, [27] [28] [29] More than half the children undergoing VCUG remember it as worse than VUR surgery. 30 This is an extremely humiliating experience for toilet-trained children, because they are educated to void in the restroom. 31 At the AUA meeting of 2006, Professor Caldamone showed a slide illustrating these aspects of VCUG and suggested that repeated VCUG should be a "driving force for correction of VUR" (Fig. 1) .
Urethral catheterization is the most distressing part of the procedure, because children are usually unable to relax enough to void during VCUG. 29, 32 Because radiation exposure during VCUG 33 and computed tomography 34 might increase cancer risk, radiation dose reduction or elimination is preferable. Children's developing tissues and organs are approximately 10-fold more sensitive to ionizing radiation than adults, 35 and mean risks for hereditary effects and cancer after VCUG during childhood have been estimated at 15 per million and 125 per million, respectively. Thus, radiation risks associated with VCUG are not negligible. 36 Patients with VUR require periodical follow-up VCUG in addition to initial screening. Recently, a nationwide population-based retrospective cohort study from Taiwan showed that VCUG is associated with increased subsequent cancer risk, especially in the genitourinary system. 33 Children not undergoing DMSA and/or VCUG at the first UTI must be followed up long-term without a definitive diagnosis, 37 which causes much anxiety to their caregivers. 38 Not only VCUG, but also RNC, DMSA, and MAG3 have a significant negative impact on families and patients. 39 When parents appear anxious during VCUG, their children feel more distressed. Hence, parental anxiety is related to their child's distress during VCUG. 40, 41 In fact, according to the 1999 AAP guidelines on UTI, just 40-60% of parents agree promptly to VUR screening by VCUG and sometimes refuse to allow their children to undergo repeated or postoperative VCUGs despite physician recommendations. 42, 43 Complications of VCUG Based on a randomized controlled trial on preventing VCUGrelated UTI, it is recommended to use antibiotics post-VCUG in patients with abnormal USG findings. 44 A 1% risk of post-VCUG UTI was reported for children with congenital urological anomalies, such as VUR or hydronephrosis. Particular care needs to be taken with VUR and/or hydronephrosis patients when carrying out VCUG. 45 Urosepsis and death as a result of VCUG-related UTI has been anecdotally reported. 46 Several cases of iatrogenic bladder rupture after VCUG have also been reported when using indwelling Foley catheters and contrast medium instilled manually using a syringe. 47, 48 Moves to reduce VCUG Because of the risk of renal scarring, VCUG or DMSA scanning is recommended after febrile UTI. Recently, indications for both are becoming more restricted due to significant radiation exposure, risk of catheter-induced UTI, distress for children and their parents, and cost. 49 
VUR screening for first febrile UTI

Top-down approach
There are two approaches to VUR diagnosis: bottom-up (do VCUG first, if positive for VUR, plan DMSA scan) or topdown (do DMSA scan first, if positive for renal scars, plan VCUG). 50 The top-down approach predicts clinically significant VUR 3, 51 and additionally could reduce the number of VCUGs. 3, 52, 53 A recent meta-analysis indicated that DMSA renal scanning during acute pyelonephritis cannot be replaced by VCUG in the evaluation of young children with febrile UTI because of its lower diagnostic accuracy. 54 Although 15.5% of children referred for UTI and/or VUR had focal renal scars on DMSA, 43% with high-grade VUR and 76% with recurrent UTI showed normal findings on DMSA. 55 More than 10% of children with normal USG findings after first febrile UTI had abnormal DMSA. In contrast, approximately 70% of children with renal damage on DMSA had normal USG findings. 56 It is problematic that high-grade VUR cases might not be diagnosed. Some lesions seen on DMSA are caused by congenital renal scarring not related to UTI. Other drawbacks are ionizing radiation exposure, costs and limited availability of DMSA capacity in the acute setting. 3 
Impact of current guidelines on UTI: PRIVENT, RIVUR and CUTIE studies
Previous AAP guidelines on UTI recommended that VCUG should be carried out in all patients aged 2-24 months after the first UTI regardless of the results of USG. 57 Newer AAP guidelines from 2011 recommend that patients with normal USG should not undergo VCUG until a second UTI. 37 However, some investigators fear the potential risk of kidney damage in children with clinically-significant VUR when VCUG is delayed until a second UTI, 58, 59 but others concur with the 2011 AAP guidelines because patients with grade 4-5 VUR rarely show normal USG findings, and moderate to severe hydronephrosis is rarely detected in patients with lowgrade VUR less than 4. 60 In contrast, 24% of patients with high-grade VUR show normal USG findings. 61 According to the 2011 guidelines on UTI, other atypical or complex situations, such as bacterial infection other than Escherichia coli, sepsis, elevated serum creatinine, failure to respond to appropriate antibiotics within 48 h, poor urine flow or a family history of VUR, are other indications for VCUG. 62 Adhering to these guidelines would have resulted in dramatic decreases in VCUG use and decreased incidence of VUR in children aged 0-2 years, 63 so many unnecessary VCUGs would have been avoided, whereas very few high-grade VUR cases would have been missed. 62 New guidelines from the UK suggest changing from the aggressive "bottom-up" approach to a more passive approach to reduce VCUG examination rates. Watchful waiting without carrying out VCUG after a first uncomplicated febrile UTI in all young children was recommended. [64] [65] [66] The Indian Society of Pediatric Nephrology has also proposed UTI guidelines, as follows: infants after first UTI, and children aged between 1 to 5 years with recurrent UTI should be investigated with USG, VCUG and DMSA in sequence. 67 For small infants aged <0-3 months experiencing a first febrile UTI caused by E. coli, VCUG can be safely avoided when renal USG is normal. VCUG should be reserved for small infants with UTI due to bacteria other than E. coli and/ or abnormal USG, because they have 10-fold increased risk of high-grade VUR relative to E. coli UTI. 68 The PRIVENT study showed that CAP prevented UTI in children at higher risk for recurrent UTI; girls with high-grade VUR. 69 The RIVUR trial showed that CAP reduced the incidence of recurrent UTI by approximately 50%, but not in children with VUR. 70 Meta-analysis of CAP for VUR confirmed a significant effect for controlling UTI. Unfortunately, CAP cannot reduce the incidence of renal scarring and there is strong evidence that a febrile UTI is associated with renal scarring, and that early treatment of febrile UTI can decrease the incidence of renal scarring. 71 If CAP has no effect on preventing renal scars, a watchful waiting policy without repeating VCUG seems reasonable, 37 because the results of imaging studies would not affect decisions regarding VUR treatment. 70 The CUTIE study concluded that VUR combined with bladder and bowel dysfunction are risk factors for recurrent UTI. Prevention of recurrent UTI requires CAP, as well as bladder and bowel dysfunction treatment. 72, 73 The PRIVENT and RIVUR trials, which were double-blind placebo-controlled studies of 1183 children with VUR, showed that CAP was superior to placebo in preventing recurrent UTI.
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Follow-up and postoperative VCUG to check VUR status Follow-up VCUG while on CAP More than two decades ago, follow-up VCUG or RNC was recommended to check VUR status at regular intervals of every 6-18 months, 74, 75 because CAP can be discontinued if VUR resolves spontaneously. Furthermore, 38% of general urologists, 24% of pediatric nephrologists and 12% of pediatric urologists preferred a follow-up VCUG at 6 months. 75 In the AUA 2010 guidelines on VUR, VCUG is recommended every 12-24 months. 11 More than 70% of pediatric urologists and nephrologists prefer RNC as a follow-up examination due to less radiation exposure than VCUG. 76 Thompson proposed extending the schedule of VCUG from annually to every 2 years in children with low-grade VUR, and every 3 years in children with high-grade VUR. This schedule would yield substantial reductions in the numbers of follow-up VCUGs and costs. 77 
Postoperative VCUG after VUR repair
Because the success rate of uncomplicated UCN carried out by experienced pediatric urologists is >99%, it is recommended to omit postoperative VCUG, 78 or at least make it optional.
Since the Food and Drug Administration approved dextranomer/hyaluronic acid in 2001, injection therapy has become widely accepted as a promising option for managing VUR. Most patients prefer this treatment to CAP or open UCN. 79 If CAP is replaced by endoscopic injection VUR treatment, the intervals between follow-up VCUGs can be prolonged.
2 Systematic reviews of endoscopic treatment for VUR showed success rates varying from 48-92%. 80 For children with grade 4 and 5, Friedmacher et al. recorded a 69.5% success rate after a single endoscopic injection of dextranomer/hyaluronic acid. 81 However, the success rate of endoscopic injection therapy is lower than open UCN, and therefore postoperative VCUG after endoscopic treatment of VUR is recommended. 11 VCUGs should be planned for 3-12 months after VUR endoscopic injection therapy. [81] [82] [83] Although the filling reflux (low-pressure VUR) has lower success rates, the voiding reflux (high-pressure VUR) on preoperative VCUG is associated with a greater probability of VUR resolution after endoscopic injection therapy. 82 However, the use of injection therapy for VUR is tending to decrease, whereas the number of open UCNs has remained stable in USA pediatric hospitals since 2006. Recently, more patients and their caregivers seem to prefer surveillance rather than dextranomer/hyaluronic acid injection therapy. 84 Although the success rate of double hydrodistention implantation technique for the endoscopic correction of primary VUR is high, postoperative VCUG should be reserved for selected high-risk patients defined as high-grade, young age, postoperative febrile UTI or family/surgeon preference. 85 Urologists' disagreement with the campaign against VCUG first
In the USA, the number of pediatric VCUGs decreased sharply after the new AAP guidelines on UTI appeared and remained low thereafter, and the number of VUR surgeries also started to decline. 86 Juliano et al. analyzed 174 patients aged <2 years with febrile UTI, and found that 24% of them with normal USG after a first febrile UTI had high-grade VUR, 15% experienced recurrent pyelonephritis and 7% required surgical procedures. They concluded that if VCUG is deferred, we should inform parents that patients might still have VUR, recurrent pyelonephritis and require surgery despite normal USG findings after a first UTI. 61 Nelson et al. analyzed 2259 patients aged <5 years with febrile UTI, and found that USG had a low positive predictive value for VUR, namely, 13-24% for grade 3 VUR. They concluded that USG should not replace VCUG, and USG and VCUG should be considered complementary, because they provide important different information. 87 Practical guide for carrying out VCUG When should VCUG be planned after febrile UTI?
VCUG should be carried out 2-6 weeks after febrile UTI, because patients who underwent VCUG in the first week after febrile UTI complained of dysuria.
88 Approximately 4-6 weeks after febrile UTI, the functions of the bladder and ureter have recovered. 2 Other researchers showed that the timing of VCUG did not influence the prevalence or severity of VUR after UTI. Carrying out VCUG within 7 days after UTI could avoid unnecessary CAP until VCUG is performed. 89 How to carry out safe VCUG: Is there a standard protocol?
The International Reflux Study resulted in the first protocol for carrying out and interpreting VCUG in 1985. 1 Thereafter, different protocols have appeared, without definitive standardization. [90] [91] [92] [93] [94] Recently, AAP Sections on Radiology and on Urology released updated VCUG protocols to create a consensus on how to improve patient safety and to standardize VCUG data. 6 Across North America, most VCUG protocols are identical: parents' presence, contrast infusion by gravity, thin catheter without balloons, no contrast dilution and voiding without a catheter in place. Differences among institutions were the height of contrast medium and when to stop filling contrast medium. 91 However, no significant differences in the VUR detection rate between two different heights of 50 cm or 100 cm were reported. 95 VUR onset at <35% predicted bladder capacity was associated with a significantly increased risk of breakthrough febrile UTI. Bladder volume at onset of VUR should be recorded during VCUG, because it predicts the risk of pyelonephritis and resolution. 94 Comprehensive guides to VCUG are now available. 90, 96 Our protocol for VCUG is as follows: 
Cyclic examinations
To increase the detection rate of VUR, cyclic methods are adopted for VCUG, 97,98 RNC 99 and VUS. 100 Cyclic examinations might detect occult VURs not proven by a single cycle.
How to reduce distress and anxiety: Non-pharmacological and pharmacological therapy to reduce patients' distress Non-pharmacological therapy Pretest education about VCUG VCUG can be carried out without the need for sedation in the vast majority of patients, provided sufficient information about all steps of VCUG has been provided. 32, 101, 102 A cartoon and photograph montage storybook about VCUG procedures can reduce both patients' and parents' anxiety. 103 If children know more about painful procedures, they feel less distress than those who do not know the details. 104 It is important to include specialists with much experience in child development, education, and psychosocial care of children and families receiving painful medical care, such as VCUG. 105 Pretest preparation for obtaining informed consent benefits from child-life specialist involvement to reduce patient distress. 29 The provision of favorite cartoon videos, video games, smart phones and personal items helps to distract the patient during VCUG. Patients psychologically prepared for VCUG recover faster and experience less emotional distress. 101 If parents and children are taught and can master coping strategies, VCUG-related distress can be alleviated. 41, 106 Parental presence
Whether parental presence during VCUG can reduce the child's distress is controversial. 107 Felber et al. concluded that it is very hard for parents to effectively help their child during VCUG. 108 
Pharmacological therapy
During VCUG, patients must void spontaneously and must remain conscious, so drugs having little influence on voiding are necessary. Local anesthetics, such as lidocaine gel, can reduce urethral pain immediately (within 1-4 min), and are recommended when placing the catheter. 109, 110 Sedatives, such as midazolam, nitric oxide, propofol and chloral hydrate, are often used. Not all children require sedation during VCUG, and not all parents want their child to be sedated, but if patients and/or parents want us to reduce distress during VCUG, we must have the capacity to offer safe sedation. 111 Midazolam is a benzodiazepine derivative with anti-anxiety and sedative effects, which has a rapid onset and short duration of action, and is commonly used before painful diagnostic and therapeutic procedures or as premedication for anesthesia. It can be given by intravenous, intramuscular, sublingual, oral (0.5-0.6 mg/kg) or intranasal (0.2 mg/kg) routes. 112, 113 Midazolam reduces patient distress without altering voiding ability, and is considered safe and feasible for reducing use in VCUG. 114 Nitric oxide and propofol have similar sedative effects, but require the presence of anesthesiologists. Longer recovery times are required after the use of nitric oxide. 115 Propofol affects voiding ability and interferes with VUR diagnosis. 116 Low-dose chloral hydrate (25 mg/kg) premedication reduces distress of children undergoing VCUG less effectively than midazolam (0.6 mg/kg). 117 It might be difficult for toddlers to stay still during MRVCUG even with some sedation, because of being awoken by a desire to urinate during sedation. 118 Radiologists' efforts to reduce drawbacks of VCUG ALARA: Radiation exposure reduction method Radiation exposure should be limited whenever possible; some techniques, such as grid-controlled variable-rate pulsed fluoroscopy, can reduce radiation exposure. 119 In accordance with the ALARA principle ("as low as reasonably achievable"), last-image capture for digital-spot images can reduce radiation exposure without compromising diagnostic accuracy. However, this technique might miss low-grade VUR, which is usually insignificant. 120 Fluoroscopy time during VCUG has recently tended to decrease. 121 Ngo et al. evaluated data from 987 VCUG examinations and concluded that increasing fluoroscopy time during VCUG does not necessarily increase diagnostic accuracy of VUR detection. 7 To reduce radiation exposure, they promote educational campaigns for medical professionals and parents, such as "Image Gently", 122 "Image Gently,
Step Lightly", 123 and "Pause and Pulse". 124 Furthermore, efforts to reduce radiation exposure in VCUG are progressing using modern equipment and optimized protocols. Low-dose VCUG can be carried out without noticeable decreases in diagnostic image quality. 125 Physicians who carry out VCUG should continue their efforts to minimize the radiation dose. Education of residents who are in charge of VCUG is essential. 126 If VCUG shows high-grade VUR with a large and irregular bladder in infants and small children, a video urodynamic study should be applied to rule out lower urinary tract dysfunction, such as bladder over-activity. 127 Correct interpretation of VCUG VUR classification into five grades is carried out according to the International Reflux Study in Children. 1 However, even in the RIVUR study, there is a considerable interobserver variability in VUR grading, and grading was in agreement in just 59% of ureters in a study with three reference radiologists. 128 Despite discrepancies in the interpretation of grade 2 and 3 VUR, accurate diagnosis of grade 3 VUR is important. 92 At a pediatric-centered hospital, VCUG results would be interpreted by pediatric radiologists 93 who report detailed information about the anatomy and function of both upper and lower urinary tracts using checklists to describe technical (catheter size, contrast medium, the manner of instillation and whether it was a cyclic study), anatomical (VUR presence, grade, bladder shape and urethral image) and functional information (bladder filling and emptying). 129 However, there are still discrepancies in the interpretation of VUR grade 2-4 among radiologists and urologists, 130 especially for VUR grade 3 and 4.
131 These differences would influence VUR treatment decisions. By adopting the degree of calyceal dilation according to the SFU grading system, VUR grading accuracy could be improved and it would become easier to define grade 3-4 VUR. 132 To speak the same language about VUR grading, standardization of interpretation of VCUG is required.
Are there any alternatives to VCUG?
The most serious drawbacks of VCUG are catheterization and radiation exposure. We must strive for less invasive examinations than VCUG, but to unequivocally prove the back flow of urine from the urinary bladder into ureters and or renal pelvises, VCUG is essential. Urologists prefer to check the whole urinary tract before surgery, not just some of it. Preoperative examinations require a panoramic view of the urinary tract from the kidney to the urethra. 133 Therefore, VCUG is the gold standard, and although tests without catheterization and radiation exposure are ideal, they provide only indirect VUR screening, like USG and I-MRVCUG (Table 1) .
RNC
RNC requires catheterization, but less radiation exposure than VCUG. Although continuous monitoring is available, the details on the film are not more precise than VCUG, although RNC might show occult VUR, which cannot be detected by VCUG in children with hydronephrosis, abnormal acute DMSA and/or recurrent febrile UTI. 134 Generally, the main advantage of RNC is that the patient is exposed to only onetenth of the radiation required for VCUG. 135 Recent techniques to reduce radiation exposure, such as the digital grid-controlled, variable rate and pulsed acquisition technique, are also available. The effective radiation dose during VCUG using such techniques is significantly lower than during RNC. 136 No catheterization and no radiation exposure USG USG is a poor modality to screen for VUR, but can identify urinary obstruction and intrarenal disease, 37 and can monitor both the kidney and bladder during voiding. USG is easy to use and inexpensive, but by itself misses up to 30-70% of patients with high-grade VUR, 59 ,137 and 4.9% of severe congenital anomalies of the kidney and urinary tracts, such as high-grade VUR or bilateral hydronephrosis. 138 Because USG and VCUG provide important different information on the genitourinary tract, they should be considered complementary. 139 Normal USG findings do not exclude high-grade VUR, 87 and have little ability to definitively diagnose VUR; thus, USG cannot replace VCUG in the diagnosis of VUR, but has a role to play in selecting patients who need VCUG. 60 Hiraoka et al. demonstrated that neonates with highgrade VUR showed ballooning of the renal pelvis during voiding. 140, 141 Demir et al. reported that anterior-posterior renal pelvis dilation was significantly enhanced after voiding in children with VUR. 142 Color Doppler USG showed reverse direction flow from bladder to the distal ureter in patients with VUR. 143, 144 Asanuma et al. reported color Doppler ultrasound measurement of the ureteral jet angle for detecting VUR. Refluxing UVJ showed a greater ureteral jet angle than non-refluxing. 145 Ureteral jet waveform would be a useful parameter to detect and follow up VUR. 146, 147 However, this method is time-consuming, requiring at least 20 min. 147 USG measurement of the distance from midline of the bladder to the orifice showed lateralization of the refluxing ureteral orifice. The midlineto-orifice was larger in high-grade reflux units than in nonrefluxing units. 148 Superb microvascular imaging is the latest Doppler ultrasound technique that can detect reversed urinary flow jets into the distal ureter from the bladder and renal pelvic swirl sign, which can detect high-grade VUR without contrast medium. 149 USG is well tolerated, and the least burdensome to families and patients among the urological imaging techniques (VCUG, RNC, DMSA, MAG3). However, there was no overall difference between DMSA and VCUG. 39 
I-MRVCUG
Magnetic resonance imaging can monitor all of the urinary tract from the kidney to urethra during voiding. Although I-MRVCUG has the potential to identify higher-grade VUR patients who are candidates for surgery, it cannot help patients with low-grade VUR, because there is no dilation of the ureter and/or renal pelvis during voiding. 118, 150, 151 No radiation exposure with catheterization VUS VUS allows real-time observation of the whole urinary tract including the urethra after the administration of intravesical contrast material. 152 It has been used for two decades, and has become popular for the diagnosis of VUR in children, especially in European countries. 153 Recently, VUS has also become more popular in the USA. 154 It can show intrarenal reflux, which plays an important role in the pathogenesis of VUR-related renal scarring. 155 Three-dimensional static (3-D) and real-time (4-D) VUS using newly-developed USG devices can show more details of urinary tracts than standard VUS, and show occult VUR, which is not detected by VCUG. 156 However, VUS failed to show known VUR immediately after carrying out VCUG. Microbubbles, an ultrasound contrast material, were possibly inactivated by residual iodinated contrast medium from the earlier VCUG. Thus, VUS should be carried out before VCUG if both studies are contemplated. 157 The main advantage of VUS is zero ionizing radiation, but disadvantages are operator-dependent examination, no standard protocol and off-label use of ultrasound contrast medium. Unfortunately, this method is not common in Japan.
D-MRVCUG
D-MRVCUG provides similar images as in VCUG: functional dynamics of voiding and real-time visualization of the structural anatomy of the urinary tract including the urethra (Fig. 2) . Using VCUG as a reference, D-MRVCUG showed 96.8% sensitivity and 96.3% specificity for detecting VUR. Agreement between D-MRVCUG and VCUG regarding the presence or absence of VUR was almost perfect at 96.6% (j 0.83, 95% CI 0.72-0.94) when carried out by kidney-ureter units. Drawbacks of D-MRVCUG are lower rates of successful completion of the examination and cost. Generally, toddlers require sedation for magnetic resonance imaging, 158 and as mentioned above, they inevitably awake with a desire to urinate. MRVCUG might not be appropriate for toddlers, because complete immobilization is difficult in this age group. 118 
Miscellaneous
Biomarkers for detecting high-grade VUR
A meta-analysis showed that procalcitonin, a serum inflammatory marker, can identify children with high-grade VUR who are suffering from a first febrile UTI. 159 VCUG is recommended only in children with high procalcitonin values (≥1.0 ng/mL) and/or abnormal USG findings. 160 Urinary proteome analysis using capillary electrophoresis-coupled mass spectrometry identified nine polypeptides consisting of fragments of collagen alpha-1 (I), sodium/potassium-transporting ATPase and CD99 antigen, useful for screening children with high-grade VUR. Because of its high negative predictive value, this analysis would be useful as a screening test to detect high-grade VUR. Only children with a positive result would then require VCUG. 161 Because the urinary proteome can include many urinary fibrosis-related peptides from the extracellular matrix, it can act as a non-invasive liquid biopsy to identify patients with CKD. 162 We hope that this approach will be used to screen high-grade VUR patients without renal scars in future.
Prediction of VUR resolution
Kirsch et al. proposed a VURx as a novel tool to predict the resolution of VUR. The index is calculated by summing scores given for VUR timing (early-mid filling, late filling and voiding), female sex, the presence of ureteral anomalies (periureteral diverticulum or complete duplication) and highgrade reflux. Patients with a lower VURx have a greater probability of spontaneous resolution. Therefore, the VURx reliably predicts primary VUR improvement/resolution in children. [163] [164] [165] The distal UDR is calculated as the widest diameter of the distal ureter in the false pelvis divided by the distance between L1 and L3. 166 UDR measurement on the VCUG is objective, whereas the International Reflux Grading System is subjective. Furthermore, UDR proved more able to predict spontaneous resolution, persistence or requirement for operative intervention than the VUR Grading System. 167 The mean UDR of patients with spontaneous resolution of VUR was significantly lower than in persistent reflux and patients who underwent surgery (P < 0.001). 168 Prediction models of recurrent breakthrough UTIs within 2 years would help clinicians and parents to determine optimal management of VUR. 169 How to detect occult VUR Positioning the instillation of contrast cystography was proposed in order to detect occult VUR that conventional VCUG cannot prove. This examination is carried out immediately before surgical procedures to correct VUR. Under general anesthesia, the bladder is emptied and the cystoscope beak is positioned at the ureteral orifice during contrast medium instillation at a height of 1 m.
170,171
Conclusion
Performance of VCUG should be reserved for those occasions when the results would affect VUR management to determine the requirement for surgical intervention.
